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G3 ABSTPACT

Flectronic mean free paths in an argon discharge were measured
using the interactlion between the plasma electrons and a slow wave on a
hetix. The results compare favorably with avaflable data,

A plasma diagnostle technique developed scveral years ngol’z has
been extended to measurvements of decay time of plasma and the determination
of electroni{c mean free prehs, The methed {5 based on the measurcment of
the decay of the microwave signal propuagating along a helix wrapped around
the tube (1,25 «m fnside dlancter) containiog the plasma,
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The experlnental arrangement is shown {n flgure 1 A, aund the
osctlloscepe display fu Pigure 1 B, The current pulsee wore obtained by
pulsing the switch (the 7534 tube) at a rate of 202 Uz, Tha cucrent was on
for 10 psce, and its awplitude was controlled by the {mpedance ¢f the tube,
The microwiave signal was 360 psec wide, aund the synchronfzation bhetwean the
pulse goncrators alloved the lecation of the curveut pulse anywhere within
the microwave pulse, The current decay time was measured and found faster
than 5 psec, lodicating that the decay of the wmicrowave signal was related
to the plasma decay and not to the net current, Further, the plot of the
decay tlime of the signal vs pressure Indfcated a limit which was suggestive
of the conditlon at which the electronfc mean free paths were comparcble to,
or greater than, the walls of the vessel,

The initial conditions of the plasma, upon application of vhe cur-
rent pulse, are generally expressed as

I =1 exp (- poPcvt) (1)

vhere vy = (273 p/c) is the Yreduced” pressure in Torrs; T 1s the towpero-
tuve; P., tiue probabilitv of collision; and v, the electron velocity. Since
I = nevy, where n i5 the eleetran density; o, the charvge; aond v, the drift
velocity, . -
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& enp {- t/1) (2)
where 1 = l/(poPCVD. The mean free path3
1 v
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can now be Jetermined from the measurements of 1 and ng, the fnitial electron
density. 1In order to mafntain a rcasonably uniform electron density through-
out the cross-section within few microseconds after the cevsation of the
current pulse, low valuer of current were used,

RESULTS

The meiasured values of mean free time are shown in Figure 2 for
three values of initial currents, The corresponding values of percertage
lonizaticn are shown {n Figure 3. Thrse were obtalned from c.ectron density
mcagurements during the current pulse using the glow wave oo the heluix,*s
The elecrron temperature was then caleelated from Sana's equation? using
the measured values of electron densttics, and used Lo calculate the values
of L tn equatlon 3. 1the values of L ranged from 5 x 10-3cm at 1 Torr to
5 x 19=lem at 100 mTorr, which was antfcfpated because of the low electron
terperature (less than 10-3 electron-volts).

As a check, ecquation of the asywprtote of Flguie 2 was detevnined,
f.e,

@ 1,77 % 1672 (xp (- .04v) (4

v} lr‘

where p s o mitliTort, and t in microsecends. Eguating the stope of this

line to naPev, the eluctren tovperature was cateulated wsfog the actual
values of py, aud values of Pe given o Flgure 1,10 of reference 3.0 fhe
temperature thus obtaloned wag whout 30-407% bigher than the one obtained from
Saha's equaticn., DBecause of the necessary estrapolation, this azreement vas
considorced satisfactory. ‘Thus, the slopes of curves cao g vs € plot, obtatn-
ed by weasurements of the time constant of the decay of the microwive signal,
can be uvsed to determfoe the electronic mean free path or temperature,

CORGLUSTONS
A new mothod of weasurvenment of electronic mean free paths or Lem=
perature has been presented,  The results are in reasonable agreement with
available data, This method allows the measurements of such paths for vory
low electrunic enargfes, but further yefisement of the technique s necessary
for greater accuracy.
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